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PURPOSE: To obtain the title resin excellent in the durability and liquid permeability of a swollen gel and showing a high water absorption rate even 
to physiologic saline by subjecting an aqueous solution containing a water-soluble, ethylenically unsaturated monomer, a crosslinking agent and a 
water-soluble chain transfer agent each in a specified amount to aqueous solution polymerization. 

CONSTITUTION: An aqueous monomer solution of a concentration of from 30wt.% to the saturation concentration containing a water-soluble, 
ethylenically unsaturated monomer (e.g. acrylic acid/sodium acrylate mixture), 0.005-5mol%, based on this monomer, crosslinking agent (e.g. 
trimethylolpropane tri-acrylate) and 0.001 -1mol%, based on this monomer, water-soluble chain transfer agent (e.g. sodium hypophosphite) is 
subjected to aqueous solution polymerization. 
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Japanese Unexamined Patent Publication 
No- 179008/1991 (Tokukaihei 3179008) 

A. Relevance of the Above-identified Document 

The following is a partial English translation of 
exemplary portions of non-English language information 
that may be relevant to the issue of patentability of the 
claims of the present application. 

B. Translation of the Relevant Passages of the Document 

See also the attached English Abstract. 

1. Title of the invention 

PRODUCTION METHOD OF WATER-ABSORBING RESIN 
EXCELLENT IN DURABILITY 

2. Claims 

1. A production method of water-absorbing resin (D) 
excellent in durability, comprising: performing aqueous 
polymerization using a monomer (A) aqueous solution that 
has a concentration in the range of from 30% by weight to 
a saturation concentration and contains (i) water-soluble 
ethylene-based unsaturated monomer (A), (ii) 0.005 mol% 
to 5 mol% of cross-linking agent (B) with respect to 
monomer (A), and (iii) 0.001 mol% to 1 mol% of 
water-soluble chain transfer agent (C) with respect to 
monomer (A). 
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2. A production method of water-absorbing resin (F) 
excellent in durability, comprising cross-linking in the 
vicinity of a surface of water-absorbing resin (D) is 
cross-linked by a hydrophilic cross-linking agent that is 
reactive with a functional group contained in 
water-absorbing resin (D), which water-absorbing resin (D) 
is produced by aqueous polymerization performed using a 
monomer (A) aqueous solution that has a concentration in 
the range of from 30% by weight to a saturation 
concentration and contains (i) water-soluble 
ethylene-based unsaturated monomer (A), (ii) 0.005 mol% 
to 5 mol% of cross-linking agent (B) with respect to 
monomer (A), and (iii) 0.001 mol% to 1 mol% of 
water-soluble chain transfer agent (C) with respect to 
monomer (A). 

3. A production method as set forth one of Claims 1 
and 2, wherein water-soluble chain transfer agent (C) is 
hypophosphite. 

4. A production method as set forth in one of Claims 
1 and 2, wherein an amount of cross-linking agent (B) to 
be used is 0.02 mol% to 1 mol% with respect to 
water-soluble ethylene-based unsaturated monomer (A). 



5. A production method as set forth in one of Claims 
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1 and 2, wherein the concentration of the water-soluble 
ethylene-based unsaturated monomer (A) aqueous solution 
is in the range of from 35% by weight to the saturation 
concentration. 

6. A production method as set forth in one of Claims 
1 and 2, wherein water-soluble ethylene-based 
unsaturated monomer (A) contains at least 50% of (i) 
acrylic acid and (ii) acrylic acid alkali metal salt and/ or 
ammonium acid. 

7. A production method as set forth in Claims 1 and 
2, wherein the aqueous polymerization is performed using 
the water-soluble ethylene-based unsaturated monomer 
(A) aqueous solution in a reactor vessel having a rotation 
stir blade. 

8. A production method as set forth in Claim 7, 
wherein the reactor vessel has a plurality of rotation stir 
blades. 

9. A production method as set forth in Claim 8, 
wherein the reactor vessel having the plurality of rotation 
stir blades is a two-screwed kneader. 



10. A production method as set forth in Claim 9, 
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wherein 0.04 mol% to 0.4 mol% of cross-linking agent (B) 
is used with respect to water-soluble ethylene-based 
unsaturated monomer (A). 

11. A production method as set forth in Claim 2, 
wherein, in (i) 0 parts by weight to 20 parts by weight of 
water and (ii) 0 parts by weight to 20 parts by weight of 
hydrophilic organic solvent (G), 0.005 parts by weight to 5 
parts by weight of at least one type of hydrophilic 
cross-linking agent (E) selected from compounds (E-l) 
containing two or more functional groups reactive with a 
carboxyl group and/ or multivalent metal salt (E-2) is 
mixed and heated at a temperature of 40°C to 250°C with 
respect to 100 parts by weight of water-absorbing resin 
(-D). 

12. A production method as set forth in Claim 11, 
wherein hydrophilic cross-linking agent (E) is a compound 
(E-l) or compounds (E-l). 

13. A production method as set forth in Claim 12, 
wherein the compounds (E-l) are one type or more than 
one type of compound selected from a polyhydroxy alcohol, 
a multivalent glycidylether compound, a multivalent 
oxazoline compound, or a multivalent amine compound. 
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14. A production method as set forth in Claim 11, 
wherein 0.5 parts by weight to 10 parts by weight of water 
is used with respect to 100 parts by weight of 
water-absorbing resin (D). 

15. A production method as set forth in Claim 11, 
wherein 0 parts by weight to 8 parts by weight of 
hydrophilic organic solvent (G) is used with respect to 100 
parts by weight of water-absorbing resin (D). 

16. A production method as set forth in Claim 11, 
wherein the heating is performed at a temperature of 90°C 
to 220°C. 

1. Detailed description of the invention 
[Industrially applicable field] 

The present invention relates to a production method 
of a water-absorbing resin excellent in durability. 
Specifically, the present invention relates to a production 
method of a water-absorbing resin that: has excellent 
absorbency; has excellent absorption rate; has excellent 
durability after having swelled; can form a swelled gel that 
is less sticky; and has excellent liquid permeability. 

Such water-absorbing resin can be produced 
inexpensively and easily. Furthermore, the 
water-absorbing resin is excellent in safety and absorption 
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power. Therefore, the water-absorbing resin can be widely 
used in sanitary materials (e.g., sanitary napkins, paper 
diapers), in water supplying agents for agricultural 
activities, horticultural activities, or greenery, or in any 
other materials of absorbing products. 
[Prior art] 

In recent years, a water-absorbing resin that absorbs 
water of several tens to hundreds times more amount of a 
weight of the water-absorbing resin has been developed. 
Such water-absorbing resin has been widely used in 
various fields including, for example, a field of sanitary 
materials (e.g., paper diapers, sanitary napkins), a field of 
agriculture and forestry, and a field of civil engineering. 

As a main raw material of the water-absorbing resin, 
for example the following materials are known: a 
cross- linked polymer containing partially-neutralized 
polyacrylic acid (Japanese Unexamined Patent Publication 
No. 55-84304); a hydrolysate which is a starch-acrylic 
graft polymer (Japanese Examined Patent Publication No. 
49-43395); a saponificated vinyl acetate-acrylic ester 
copolymer (Japanese Unexamined Patent Publication No. 
52-14689); a cross-linked hydrolyzed acrylonitril 
copolymer or a hydrolyzed acrylamide copolymer 
(Japanese Examined Patent Publication No. 53-15959); 
and cross-linked products thereof. 

Such water-absorbing resin is demanded to exhibit, 
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for example, high absorbency and fast absorption rate 
when contacting with an aqueous liquid, and excellent 
suction power for absorbing liquid from a material 
containing the aqueous liquid. 

However, depending upon the usage of the 
water-absorbing resin, especially durability and temporal 
stability (stability in terms of changes over time) of the 
swelled gel, in addition to the properties mentioned above, 
become necessary. For example, in the case where a 
conventional water-absorbing resin is used in sanitary 
materials (e.g., paper diapers), there arises a problem in 
that a swelled gel of the water-absorbing resin having 
absorbed urine is deteriorated or decomposed as time 
passes by. Further, in the case where a conventional 
water-absorbing resin is used for a long period of time in 
agricultural or horticultural activities, there also arises a 
problem in that the swelled gel of the water-absorbing 
resin is deteriorated or decomposed. 

Examples of known methods for preventing 
deterioration and decomposition of the swelled gel of the 
water-absorbing resin include: a method wherein an 
oxygen-containing reducing inorganic salt or a radical 
chain inhibitor is contained a water-absorbing resin 
(Japanese Unexamined Patent Publications Nos. 
63-118375 and 63-152667); a method wherein an oxidant 
is contained in a water-absorbing resin (Japanese 
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Unexamined Patent Publication No. 63-153060); or a 
method wherein a reductant containing sulfur is 
contained in a water-absorbing resin (Japanese 
Unexamined Patent Publication No. 63-272349). These 
methods, however, require to add an additive in order to 
prevent the water-absorbing resin from deteriorating. 
From the point of view of safety, it is not preferable to add 
another additives, considering that the water-absorbing 
resin is to be used in sanitary materials or the like. 

In this connection, a greater amount of cross-linking 
agent may be used to increase a cross-linking density of 
the water-absorbing resin so that the strength of the gel is 
enhanced and therefore the durability is improved. 
However, if a greater amount of cross-linking agent that is 
sufficient for the water-absorbing resin to have enough 
durability is used, the absorbency decreases significantly. 
As such, currently, water-absorbing resin that is excellent 
in safety, high in absorbency, and excellent in durability 
has not been realized, yet. 

Further, in the case where the water-absorbing resin 
is used in, for example, diapers, there arise additional 
problems of stickiness of the swelled gel and reduction in 
the liquid permeability, in addition to the problem of 
durability mentioned above. The water-absorbing resin 
contains a water-soluble portion (the portion will be 
referred to as a water-soluble content). Because of the 



Page 9 (Tokukaihei 3-179008) 

presence of the water-soluble content, the swelled gel 
having absorbed water may become sticky. Further, in the 
case where the water-absorbing resin is used in absorbing 
products such as diapers, the liquid permeability may be 
reduced due to the stickiness. Therefore, when additional 
urine is supplied, the urine may be leaked. Normally, the 
amount of water-soluble content and the absorbency are 
in positive correlation. In order to reduce the 
water-soluble content, the cross-linking density of the 
water-absorbing resin needs to be increased. Therefore, if 
the water-absorbing resin has less water-soluble content, 
the absorbency also becomes lower. 

However, it has been publicly known that the more 
proportion of the cross-linking agent in the 
water-absorbing resin is, the more improved the durability 
would be. However, there is a problem in that the 
absorbency decreases as the amount of cross-linking 
agent increases. Further, there has been disclosed a 
technique in which a chain transfer agent is used in 
production of water-absorbing resins to improve the 
absorbency (USP4698404) . In this case, however, only few 
increase in the absorbency is observed for human urine, 
while the absorbency assuredly improves for water and 
physiological saline. 

[Problem to be solved by the invention] 

The present invention is in view of the current 
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situation described above, and has as an object to provide 
a production method of a water-absorbing resin excellent 
in durability. 

Another object of the present invention is to provide 
a production method of a water-absorbing resin that (i) 
exhibits high absorbency with respect to a physiological 
saline and especially to a human urine, (ii) exhibits 
excellent durability when used in disposable diapers, (iii) 
prevents diapers from exuding liquid absorbed therein, (iv) 
can form a gel that is less sticky, and (v) exhibits 
excellent liquid permeability. 
[Means for solving problem and effect] 

In order to solve the above problems, the inventors 
have diligently researched, and finally found the 
followings: 

(1) By performing aqueous polymerization, using a 
particular amount of cross-linking agent (B), on a 
water-soluble ethylene-based unsaturated monomer (A) 
aqueous solution that has a concentration in a particular 
range and contains water-soluble chain transfer agent (C), 
desirable water-absorbing resin (D) whose (i) durability 
has improved, (ii) can form gel that is less sticky, and (iii) 
liquid permeability has improved, while maintaining high 
absorbency, due to reduced molecular weight of the 
water-soluble content can be produced with good 
productivity. 
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(2) Further, by cross-linking, using hydrophilic 
cross-linking agent (E), the vicinity of the surface of the 
water-absorbing resin (D) produced by production method 
(1) described above, water-absorbing resin (F) that 
exhibits (a) better water absorbency, (b) better durability, 
(c) less gel stickiness, (d) better liquid permeability, and 
(e) better water absorption property, while maintaining 
high absorbency, can be produced. 

In other words, the present invention relates to: 

a production method of a water-absorbing resin (D) 
excellent in durability, which method is adapted so that 
the method includes performing aqueous polymerization 
using a monomer (A) aqueous solution that has a 
concentration in the range of from 30% by weight to a 
saturation concentration and contains (i) water-soluble 
ethylene-based unsaturated monomer (A), (ii) 0.005 mol% 
to 5 mol% of cross-linking agent (B) with respect to and 
monomer (A), and (iii) 0.001 mol% to 1 mol% of 
water-soluble chain transfer agent (C) with respect to 
monomer (A); and 

a production method of a water-absorbing resin (D) 
excellent in durability, which method is adapted so that 
the method includes performing cross-linking in the 
vicinity of a surface of water-absorbing resin (D) is 
cross-linked by a hydrophilic cross-linking agent that is 
reactive with a functional group contained in 
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water-absorbing resin (D), which water-absorbing resin (D) 
is produced by aqueous polymerization performed using a 
monomer (A) aqueous solution that has a concentration in 
the range of from 30% by weight to a saturation 
concentration and contains (i) water-soluble 
ethylene-based unsaturated monomer (A), (ii) 0.005 mol% 
to 5 mol% of cross-linking agent (B) with respect to and 
monomer (A), and (iii) 0.001 mol% to 1 mol% of 
water-soluble chain transfer agent (C) with respect to 
monomer (A). 

The following specifically describes the present 
invention. 

Water-soluble ethylene-based unsaturated monomer 
(A) (the monomer will be referred to as monomer (A)) of the 
present invention contains a functional group. Examples 
of monomer (A) include acrylic acid, methacrylic acid, 
maleic acid, fumaric acid, crotonic acid, itaconic acid, 
vinylbenzenesulfonic acid, 
2-(meth)acrylamide-2-methylpropanesulfonic acid, 
2 -(meth) aery loyle thane sulfonic acid, 
2-(meth)acryloylpropanesulfonic acid, and their alkali 
metal salts and ammonium salts; and acrylamide, 
methacrylamide, 2-hydroxyethyl(meth)acrylate, 
methoxypolyethyleneglycol(meth)acrylate, 
N,N-dimethylaminoethyl(meth)acrylate, 
N,N -die thylaminopropyl (meth) aery late, 
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N,N-diethylaminopropyl(meth)acrylamide, and their 
quaternary salts. At least one of the above may be selected 
and used. 

In view of properties and costs of water-absorbing 
resin that is produced, it is preferable that acrylic acid, 
among monomers (A) listed above, be used as a main 
content. In this case, acrylic acid and its alkali metal salt 
and/or ammonium salt is contained, preferably, at a 
percentage of 50% by weight or greater, and more 
preferably, at a percentage of 75% by weight or greater 
with respect to monomer (A). 

Further, in order to produce a water-absorbing resin 
excellent in durability, in the present invention, it is 
necessary to use a particular amount of cross-linking 
agent (B) that contains two or more polymerizable 
unsaturated groups and/or a reactive functional group per 
molecule. As cross-linking agent (B), for example a 
compound containing two or more polymerizable 
unsaturated group per molecule may be used. Examples 
thereof include N,N'-methylenebisacrylamide, 

(poly)ethyleneglycoldi(meth)acrylate, 
(poly) propyleneglycoldi (me th) aery late, 
gly eerie tri (me th)acrylate, 

glycericacrylatemethacrylate, multivalent metal salts of 
(me th) acrylic acid, trimethylolpropanetri(meth)acrylate, 
tri ally lamine, triallylcyanurate, triallylisocyanurate, and 
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triallylphosphate and the like. Further, examples of 
cross-linking agent (B) containing reactive functional 
groups in the case where monomer (A) contains a carboxyl 
group include: polyhydric alcohols such as ethylene 
glycol; diethylene glycol, triethylene glycol, 
polyethyleneglycol, propylene glycol, dipropylene glycol, 
polypropylene glycol, and glycerin; multivalent glycidyl 
compounds such as (poly)ethylene glycoldiglycidylether, 
and glycerolpolyglycidylether; multivalent amines such as 
ethylenediamine, and polyethyleneimine; multivalent 
isocyanate compounds; multivalent metal salts and the 
like. Further, examples of cross-linking agent (B) 
containing both a polymerizable unsaturated group and a 
reactive functional group per molecule include 
glycidyl (meth)acrylate and N-methylol(meth)acrylamide. 
From the points of view of durability and water 
absorbency of the water-absorbing resin that is produced, 
it is especially preferable to use at least one of the 
compounds containing more than one polymerizable 
unsaturated groups in a molecular, among the 
cross-linking agents (B). 

The amount of cross-linking agent (B) to be used in 
the present invention is 2 to 10 times greater in mol, or 
more preferably 4 to 10 times greater in mol than the 
amount of the cross-linking agent used in the case where 
the polymerization is performed under the same 
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conditions, except that water-soluble chain transfer agent 
(C) is not used to obtain a target water-absorbency. 
Specifically, the amount of cross-linking agent (B) to be 
used is 0.005 mol% to 5 mol% with respect to monomer (A). 
If less than 0.005 mol% of cross-linking agent (B) is used, 
a water-absorbing resin with high absorbency is produced. 
However, the water-absorbing resin is inferior in 
durability, contains many water-soluble contents, and has 
a higher molecular weight. This causes the gel of the 
water-absorbing resin to be stickier, and the liquid 
permeability to be degraded. On the other hand, if more 
than 5 mol% of cross-linking agent (B) is used, the 
absorbency becomes extremely low. Further, it is 
preferable that the amount of cross-linking agent to be 
used be in the range of from 0.02 mol% to 1 mol%, more 
preferably in the range of from 0.04 mol% to 0.4 mol%, 
and even more preferably in the range of from 0.08 mol% 
to 0.2 mol%, although it depends upon the amount of 
water-soluble chain transfer agent (C) to be used. The 
amount of water-soluble chain transfer agent (C) will be 
described later. 

Further, in addition to the above method utilizing 
cross-linking agent (B), a method in which graft 
polymerization is performed to form a cross-link may be 
carried out simultaneously. For example, the monomer (A) 
aqueous solution may be polymerized in the presence of a 
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hydrophilic polymer (e.g., cellulose, starch, polyvinyl 
alcohol), so that a cross-link is formed as a result of the 
graft polymerization. It is preferable that the 
water-soluble macromolecule be used in the range of from 
1% by weight to 50% by weight with respect to monomer 
(A). 

In the present invention, it is necessary to use a 
particular amount of water-soluble chain transfer agent 
(C). 

According to the present invention, (i) a particular 
amount of water-soluble chain transfer agent (C) is 
selected, and (ii) a large amount of cross-linking agent is 
used in polymerization to form a high cross-link, which 
amount is 2 to 100 greater in mol than that used in an 
ordinary production method. With such an arrangement, 
the present invention provides an excellent 
water-absorbing resin that (i) is highly excellent in 
durability, (ii) exhibits high absorbency not only to 
physiological saline but also to human urine, (iii) provides 
less negative influence (e.g., stickiness of gel, decrease in 
the liquid permeability) due to low molecular weight of the 
water-soluble content can be produced. 

The water-soluble chain transfer agent (C) for use in 
the present invention is not particularly limited, provided 
that water-soluble chain transfer agent (C) is soluble in 
water or in a water-soluble ethylene-based unsaturated 
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monomer. The water-soluble chain transfer agent (C) may 
be a thiol, a thiol acid, a secondary alcohol, an amine, a 
hypophosphite, or the like. Specific examples of the 
water-soluble chain transfer agent (C) include: 
mercaptoethanol, mercaptopropanol, dodecyl mercaptan, 
thioglycolic acid, thiomalic acid, 3-mercaptopropionic acid, 
isopropanol, sodium hypophosfite, formic acid, and their 
salts. One of, or two or more of the water-soluble chain 
transfer agents (C) are selected and used. Because of their 
effect, it is preferable that the water-soluble chain 
transfer agent (C) be hypophosphite such as sodium 
hypophosfite. 

An amount of the water-soluble transfer agent (C) to 
add is, with respect to monomer (A), in the range of from 
0.001 mol% to 1 mol%, preferably in the range of from 
0.005 mol% to 0.3 mol%, even though it depends on the 
type and amount of internal cross-linking agent (B) and 
the concentration of monomer (A) aqueous solution. In the 
case where the amount is less than 0.001 mol%, the 
amount of cross-linking agent (B) to be used in the 
present invention is not preferable because the 
cross-linking density would become high and the 
absorbency would become too low. Further, it is not 
preferable to use more than 1 mol% of cross-linking agent 
(B) because the water-soluble content would increase and 
the durability would decrease. 
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The concentration of monomer (A) aqueous solution 
used in the present invention is in the range of from 30% 
by weight to the saturation concentration. It is more 
preferable that the concentration be in the range of from 
35% by weight to the saturation concentration. If the 
concentration is below 30% by weight, the productivity per 
unit-reaction-volume decreases. Moreover, the drying step 
takes longer time, and therefore the productivity 
decreases. Therefore, from industrial view, the 
concentration below 30% by weight is not preferable. In 
conventional polymerization methods, if the 
polymerization is performed at a concentration close to 
the saturation concentration in order to improve the 
productivity, unnecessary reactions such as 
self-cross-linking occur, and the absorbency is decreased. 
Therefore, the amount of cross-linking agent (B) that can 
be used in the polymerization is limited, and thus only a 
water-absorbing resin having poor durability is produced. 
However, with the method of the present invention, 
self-cross-linking reaction is prevented by choosing the 
amount of water-soluble chain transfer agent (C) to be 
used. This makes it possible to increase the amount of 
cross-linking agent (B) to be used, and therefore a 
water-absorbing resin that is excellent in durability and 
has high absorbency can be produced at a high 
concentration at good productivity. 
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Further, if necessary, a thickener may be used in the 
monomer (A) aqueous solution. Examples of the thickener 
include: polyvinylpyrrolidone; polyacrylamide; methyl 
cellulose; and hydroxyethyl cellulose and the like. 

In the present invention, among publicly-known 
polymerization techniques (e.g., aqueous polymerization, 
reverse -phased suspension polymerization, precipitate 
polymerization, bulk polymerization, polymerization by 
activation energy such as ultraviolet ray or electron ray), 
aqueous polymerization is employed for polymerizing 
using the monomer (A) aqueous solution to produce a 
water-absorbing resin that has excellent properties and 
productivity, and requires less costs. Exemplary methods 
of aqueous polymerization include: casting polymerization 
performed in a cast (Japanese Examined Patent 
Publication No. 48-42466 (Tokukosho 48-42466)); 
polymerization performed using a belt conveyer (Japanese 
Unexamined Patent Publication No. 58-49714 (Tokukaisho 
58-49714)); and polymerization performed in, for example, 
a kneader having a stir blade that can comminute hydrate 
gel polymers (Japanese Unexamined Patent Publication No. 
57-34101 (Tokukaisho 57-34101)). 

In performing the aqueous polymerization, it is 
preferable that (i) chain transfer reaction take place 
uniformly with water-soluble chain transfer agent (C) and 
(ii) the cross-linking reaction occurs uniformly with 
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cross-linking agent (B). In order to produce a 
water-absorbing resin having better properties, it is 
preferable that the heat generated during the 
polymerization be removed uniformly. In order to do so, it 
is preferable that, instead of the polymerization method in 
which the polymerized gel is kept as one united body, the 
polymerized gel of the reaction system be stirred from the 
beginning to the end of the polymerization, or sometimes 
during the polymerization or throughout the 
polymerization so that the heat generated during the 
polymerization be removed uniformly, instead of a 
polymerization method in which the polymerized gel is 
unified. It is thus preferable that the polymerization 
reaction be performed in a reactor vessel having a rotation 
stir blade. The reactor vessel having a rotation stir blade 
is not particularly limited, but a reactor vessel that can 
stir the polymerized gel with greater power is preferable. 
An exemplary reactor vessel is a vessel that shears the 
polymerized gel by the rotation stir blade, which 
polymerized gel is generated as the polymerization 
proceeds. Further, in order to increase the stirring power, 
it is preferable that a plurality of rotation stir blades be 
provided. Examples of the reactor vessel include a 
single-scr.e^^'d mix-kneader, a single-screwed extruder, a 
tTT-cj^screwed kneader, and a three-screwed kneader. 
Further, by using the two-screwed kneader, polymerized 
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gel can be fragmented and stirred evenly throughout the 
polymerization, and the heat generated during the 
polymerization can be removed uniformly. As a result, a 
water-absorbing resin having excellent properties can be 
produced. Therefore, it is preferable to use a two-screwed 
kneader. 

In the present invention, the radical polymerization 
initiator to be used in the aqueous polymerization is not 
particularly limited, as long as the radical polymerization 
initiator is water-soluble. For example, the followings may 
be used as the radical polymerization initiator: persulfates 
such as potassium persulfate, ammonium persulfate, 
sodium persulfate and the like; hydroperoxides such as 
hydrogen peroxide, t-butylhydroperoxide, 

cumenehydroperoxide and the like; azo compounds such 
as 2,2'-azobis(2-amizinopropane)dihydrochloride) and the 
like; secondary cerium salt, permanganate, and the like. 
In view of, for example, (i) properties of the 
water-absorbing resin to be produced and (ii) safety of 
decomposition products, it is preferable that the radical 
polymerization initiator be one or more of persulfate, 
hydroperoxide, and a*o- compounds. 

Fiartiicr, in the case where the radical polymerization 
initiator is an oxidizing radical polymerization initiator, 
reductants may be combined to be used as a redox type 
initiator. Examples of the reductants include: sulfites 
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(hydrogen salt) such as sodium sulfite, sodium hydrogen 
sulfite and the like; thisulfate such as sodium thiosulfate 
and the like; dithionite; metal salt such as copper sulfate, 
iron sulfate and the like; organic reductants such as 
b-ascorbic acid and the like; aniline; and amines such as 
monoethanolamine and the like. 

Although a wide range of the amount of the radical 
polymerization initiator may be used, normally it is 
preferable that the range of the amount of the radical 
polymerization initiator be 0.001 mol% to 2 mol% with 
respect to monomer (A), or more preferably 0.01 mol% to 
0.5 mol% with respect to monomer (A). If less than 0.001 
mol% of radical polymerization initiator is used, the 
induction period becomes longer and the amount of the 
residual monomer easily increases. Further, in a 
conventional polymerization method, if the amount of the 
polymerization initiator is increased in order to (a) reduce 
the amount of the residual monomers or (b) shorten the 
induction period and the polymerization period, 
unnecessary reactions such as self-cross-linking may 
occur, thereby degrading the absorbency. Thus, the 
amount of initiator has been limited. On the contrary, 
with the present invention, these disadvantages are solved, 
and the water-absorbing resin having excellent properties 
is produced even when the amount of initiator is increased. 
If, however, more than 2 mol% of radical polymerization 



Page 23 (Tokukaihei 3-17900S) 

initiator is used, not only expected effects from the 
increased amount cannot be achieved, but also it becomes 
difficult to control the polymerization reaction. 
Accordingly, it is not preferable to use more than 2 mol% 
of radical polymerization initiator. 

The water-absorbing resin produced by the present 
invention may be polymerized at high concentration, and 
the water-absorbing resin may be dried with the heat 
generated during the polymerization while being 
polymerized. Depending upon the proportion of water 
contained after performance of the polymerization, the 
hydrate gel produced may be dried further and then used 
in the water-absorbing resin. For the drying, 
publicly-known drying methods may be employed. 
Exemplary methods thereof include: azeotropy dehydration 
in an organic solvent; drying with a mechanical draft 
oven; drying with a reduced-pressure dryer; drying with a 
microwave dryer; drying with an infrared dryer; and 
drying with a belt having heated to a predetermined 
temperature or a drum dryer having heated to a 
predetermined temperature. It is preferable that the 
polymerized hydrate gel be dried by one of the above 
methods at 80°C or above. It is more preferable that the 
hydrate gel be dried at 80°C to 230°C. In view of 
productivity, it is not preferable to dry the hydrate gel at a 
temperature below 80°C because it consumes too much 
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time. Careful attention is required in drying the hydrate 
gel at 230°C or above because the water-absorbing resin 
may be deteriorated at such high temperature. 

Further, the water-absorbing resin produced by the 
polymerization and the drying is pulverized and/ or 
classified, if necessary, before being used. 

Further, the present invention also provides a 
production method of water-absorbing resin (F). In the 
production method, the water-absorbing resin (F) is 
produced by cross-linking, with particular hydrophilic 
cross-linking agent (E), in the vicinity of the surface of 
water-absorbing resin (D) produced by the production 
method described above. Water-absorbing resin (D) 
produced by the production method of the present 
invention has significantly improved water absorbency, 
compared with conventional water-absorbing resins. 
Further, water-absorbing resin (F), on which cross-linking 
was performed in the vicinity of the surface, has better 
durability and water absorbency than water-absorbing 
resin (D), on which cross-linking has not been performed 
in the vicinity of the surface. 

Hydrophilic cross-linking agent (E) used in the 
present invention is compound (E-l) containing more than 
one functional group per molecule and/or multivalent 
metal salt (E-2) containing more than one functional 
group per molecule, which functional group is reactive 
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with a carboxyl group. Examples of compounds (E-l) in 
the case where water-absorbing resin (D) contains a 
carboxyl group include: polyhydroxy alcohols such as 
ethylene glycol, diethylene glycol, triethylene glycol, 
tetraethylene glycol, polyethyleneglycol, 1 ,4-butanediol, 
1 ,5-pentanediol, 1 ,6-hexanediol, neopentylglycol, 

propylene glycol, glycerin, polyglycerin, 

trimethylolpropane, pentaerythritol, sorbitol, polyvinyl 
alcohol and the like; ethylene glycoldiglycidylether; 
multivalent glycidylether compounds such as 
ethyleneglycoldiglycidylether, 

polyethyleneglycoldiglycidylether, glycerolpolyglycidylether, 
diglycerolpolyglycidylether, polyglycerolpolyglycidylether, 
propylene glycoldiglydiglycidylether, polypropylene 
glycoldiglycidylether and the like; multivalent amine 
compounds such as ethylenediamine, diethylenetriamine, 
triethylenetetramine, polyethyleneimine and the like; 
multivalent oxazoline compounds such as 

1 ,2-ethylenebisoxazoline, polyisopropenyloxazoline and 
the like; haloepoxy compounds such as epichlorohydrin 
and the like; multivalent aziridine compounds; and 
multivalent isocyanate compounds; and the like. Examples 
of multivalent metal salt (E-2) in the case where 
water-absorbing resin (D) contains a carboxyl group 
include: hydroxide of zinc, hydroxide of calcium, 
hydroxide of magnesium, hydroxide of aluminum, 
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hydroxide of iron, hydroxide of zirconium, chloride of zinc, 
chloride of calcium, chloride of magnesium, chloride of 
aluminum, chloride of iron, and chloride of zirconium, and 
the like. It is preferable that one kind or more than one 
kind of the above be used. It is preferable to use 
compound (E-l) as an essential component. In view of 
surface cross-linking effects, it is especially preferable 
that a polyhydric alcohol, a multivalent glycidyl compound, 
or a multivalent amine be used as hydrophilic 
cross-linking agent (E). Further, a combination of 
compound (E-l) and multivalent metal salt (E-2) may be 
used as hydrophilic cross-linking agent (E) to improve 
combined properties. 

The amount of hydrophilic cross-linking agent (E) 
used in the present invention is 0.005 parts by weight to 5 
parts by weight with respect to 100 parts by weight of 
water-absorbing resin (D) produced by the production 
method described above. It is preferable that the amount 
be in the range of from 0.01 parts by weight to 1 part by 
weight with respect to 100 parts by weight of 
water-absorbing resin (D) produced by the production 
method described above. If the amount is within this 
range, water-absorbing resin (F) having excellent 
properties and cross-linked surface can be produced. If 
more than 5 parts by weight of hydrophilic cross-linking 
agent (E) is used, it is not only uneconomical, but also 
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may cause unreacted hydrophilic cross-linking agent (E) 
to remain in water-absorbing resin (F) that has been 
produced. Moreover, this amount of hydrophilic 
cross-linking agent (E) is excess for achieving desired 
cross-linking effects, reducing the water absorbency of 
water-absorbing resin (F) that is produced. Therefore, it is 
not preferable to use more than 5 parts by weight of 
hydrophilic cross-linking agent (E). Further, in the case 
where less than 0.005 parts by weight of hydrophilic 
cross-linking agent (E) is used, it is difficult to achieve 
the effects of the present invention. 

In the present invention, water and/or hydrophilic 
organic solvent (G) may be used in mixing water-absorbing 
resin (D) and hydrophilic cross-linking agent (E). 

In the present invention, the amount of water to be 
used is 0 part to 20 parts by weight with respect to 100 
parts by weight of water-absorbing resin (D). It is 
preferable that the amount be in the range of from 0.5 
parts by weight to 10 parts by weight. 

Examples of hydrophilic organic solvent (G) include: 
lower alcohols such as methanol, ethanol, n-propanol, 
iso-propanol, n-butanol, iso-butanol, t-butanol and the 
like; ketones such as acetone, methylethylketone, 
methylbutylketone and the like; ethers such as dioxane 
tetrahydrofuran and the like; amides such as. 
N,N-dimethylformamide and the like; and sulfoxides such 
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as dimethylsulfoxide and the like. The amount of 
water-absorbing resin (D) to be used is in the range of 
from 0 parts by weight to 20 parts by weight with respect 
to 100 parts by weight of water-absorbing resin (D). It is 
preferable that the amount be in the range of from 0 parts 
by weight to 8 parts by weight. 

The followings are exemplary methods, according to 
the present invention, of (i) mixing water-absorbing resin 
(D) and hydrophilic cross-linking agent (E) and (ii) 
cross-linking in the vicinity of the surface of the 
water-absorbing resin: 

(i) Hydrophilic cross-linking agent (E) and, if 
necessary, a mixed solution of water (water vapor) and/ or 
hydrophilic organic solvent (G) may be added to 
water-absorbing resin (D) by spraying or dropping; 

(ii) Water-absorbing resin (D) is dispersed and 
suspended in a hydrophobic organic solvent that is 
inactive in polymerization, and hydrophilic cross-linking 
agent (E) and, if necessary, water and/or hydrophilic 
organic solvent (G) are added while being stirred; and 

(iii) water-absorbing resin (D) is dispersed in a mixed 
solvent of water and hydrophilic organic solvent (G), and 
hydrophilic cross-linking agent (E) is added. 

In case (ii), it is preferable that hydrophilic 
cross-linking agent (E) be emulsified, using a particular 
surfactant, into a hydrophobic organic solvent and be 
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suspended in advance, and then the emulsified solution 
be added to a solution in which water-absorbing resin (D) 
has been dispersed and suspended. 

As described above, an ordinary heating machine or 
heating oven may be used to perform a heating treatment 
on a mixture of (i) water-absorbing resin (D) produced by 
the method of the present invention, (ii) hydrophilic 
cross-linking agent (E), and, if necessary, water and/or 
hydrophilic organic solvent (G). Examples of the heating 
machine and the heating oven include: a trench type 
mixing dryer; a rotary type dryer; a disk type dryer; a 
kneading dryer; a fluidized bed type dryer; an air-flow 
type dryer; an infrared dryer; a dielectric heating dryer; 
and the like. Further, hydrophilic cross-linking agent (E) 
may be added, in an organic solvent, to water-absorbing 
resin (D) by method (ii), and thereafter heated to react in 
the organic solvent. 

It is preferable that the heat treatment be performed 
at the heating treatment in the range of from 40°C to 
250°C, more preferably in the range of from 90°C to 220°C, 
although it depends upon which kind of hydrophilic 
cross-linking agent (E) is used. If the heating treatment is 
performed at a temperature below 40°C, not only it takes 
time to react and therefore the productivity decreases, but 
also a part of hydrophilic cross-linking agent (E) may not 
react and may remain in water-absorbing resin (F) that is 
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produced. Therefore, it is not preferable that the heating 
treatment be performed at a temperature below 40°C. On 
the other hand, if the heating treatment is performed at a 
temperature above 250°C, deterioration by the heat may 
occur in some kinds of water-absorbing resin (D). 
Therefore, careful attention is required. 

Note that water-absorbing resin (F) whose surface is 
cross-linked or water-absorbing resin (D) whose surface is 
not cross-linked may be pulverized and agglomerated, if 
necessary. 

[Effect of the invention] 

The water-absorbing resin produced by the method of 
the present invention has the following advantages, which 
could not be achieved by the conventional methods: 
excellent durability of swelled gel; high absorbency with 
respect to physiological saline and especially to human 
urine; low molecular weight of the water-soluble content; 
significantly reduced stickiness of swelled gel; 
significantly improved liquid permeability; and excellent 
safety. According to the method of the present invention, 
such excellent water-absorbing resin can be easily 
produced by performing aqueous polymerization, in the 
presence of a particular amount of cross-linking agent (B) 
and a particular amount of water-soluble chain transfer 
agent (C), on water-soluble ethylene-based unsaturated 
monomer (A). Furthermore, by cross-linking, using 
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particular hydrophilic cross-linking agent (E), in the 
vicinity of the surface of water-absorbing resin (D) that 
has been produced, water-absorbing resin (F) having 
significantly improved absorption rate and durability can 
be produced. Water-absorbing resin (D) and 
water-absorbing resin (F) that have excellent water 
absorbency can be produced inexpensively. This could not 
be achieved by a conventional water-absorbing resin. 
Therefore, water-absorbing resin (D) and water-absorbing 
resin (F) may be widely used in various fields including 
sanitary material, foods, civil engineering, agriculture. 

As described above, the water-absorbing resin 
produced by the production method of the present 
invention has the following advantages. 

(1) The swelled gel has excellent durability because, 
in the present invention, the high absorbency is 
maintained even when a large amount of cross-linking 
agent is used. In contrast, conventional swelled gels have 
had poor durability because polymerization is performed 
using a reduced amount of cross-linking agent in order to 
produce a water-absorbing resin having high absorbency. 

(2) The absorbency with respect to human urine is 
high. This could not be achieved by the conventional 
water-absorbing resins. 

(3) The water-absorbing resins can be produced at 
high productivity because even when the monomer is 
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polymerized at a high concentration close to the 
saturation concentration, a water-absorbing resin having 
excellent properties can be produced without causing 
unnecessary reactions such as self-cross-linking. 
Therefore, the polymerization can be performed at a high 
concentration. 

(4) The water-absorbing resin of the present 
invention has high absorbency, and the water-soluble 
content associated therewith does not provide negative 
influences (e.g., stickiness of swelled gel due to 
water-soluble content, reduction in the liquid 
permeability) because the molecular weight of the 
water-soluble content is small. 

(5) By performing the cross-linking in the vicinity of 
the surface, (i) the water absorbency can be better than 
the absorbency achieved by a conventional surface 
cross-linking of water-absorbing resin, and (ii) the 
durability and the absorption rate can be improved. 

(6) A small amount of residual monomer is used, 
because high absorbency can be achieved even when an 
increased amount of polymerization initiator is used. In 
contrast, conventionally, if the amount of polymerization 
initiator is increased in order to reduce the residual 
monomer or shorten the induction period and 
polymerization period, unnecessary reaction such as 
self-cross-linking is generated. Therefore, high absorbency 
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could not be achieved. 
(Examples) 

The following describes the present invention, with 
reference to Examples. The scope of the present invention, 
however, is not limited to the Examples. Note that the 
properties of the water-absorbing resin in the Examples 
indicate the values measured by the testing methods 
described later. Further, the term a part(s)" means a part(s) 
by weight''. 

(1) Absorbency of physiological saline 

In a beaker containing 150 ml of 0.9% by weight 
sodium chloride aqueous solution, 1.0 g of 
water-absorbing resin was soaked and stirred slowly using 
a magnetic stirrer. After six hours had passed, the swelled 
gel was filtered by a wire net, and the weight of the 
swelled gel from which water had been removed 
adequately was measured. Then, the absorbency was 
calculated using the formula below. 

absorbency(g/g) = weight of swelled gel/ weight of 
water-absorbing resin 

(2) Absorbency of human urine 

The absorbency of human urine was measured under 
the same conditions, except that sample human urine of 
10 adult males were used instead of the physiological 
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saline used in the case (1). 

(3) Water-soluble content 

In 1000 ml of deionized water, 0.5 g of 
water-absorbing resin was dispersed. After 12 hours had 
passed, this was filtered by a paper filter, and the solid 
content in the filtrate was measured. Then, the 
water-soluble content was calculated using the formula 
below. 

water-soluble content (%) = 

weight of filtrate (g) x solid content in filtrate (%) 

0.5 g 

(4) Molecular weight of water-soluble content 

By using, as standard, various poly sodium acrylic 
acids whose molecular weights had already been 
calculated, the molecular weight of the water-soluble 
content obtained in item (3) was worked out by using gel 
permeation chromatography. 

(5) Tolerance of swelled gel 

A commercially-available diaper for children (weight: 
72 g) formed of nonwoven fabric, cotton-like pulp, 
water-absorbing paper, and water-proof film is cut into a 
half, and 2.5 g of polymer was evenly dispersed between 
the cotton-like pulp and the water-absorbing paper, and 
120 ml of adult human urine was added. Then, the diaper 
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was left at 37°C. Thereafter, the diaper was opened to 
observe the state of the swelled gel after (i) 6 hours, (ii) 12 
hours, and (iii) 18 hours. The degree of deterioration was 
evaluated using three categories: good, average, and poor. 

: shape of swelled gel is maintained 
: shape of swelled gel is partially collapsed 
: shape of swelled gel is collapsed, 
and the swelled gel is muddy 

(6) Amount of exudation of absorbed liquid 

On the nonwoven fabric of the diapers for children 
after 18 hours, which diapers had been used in the 
examination of durability of the swelled gel, 10 sheets of 
23-by-23-cm paper towels folded into two were overlaid. 
Then, a pressure of 40 g/cm 2 was applied for one minute. 
Thereafter, the amount of urine returned to the paper 
towels was measured. 

(7) Stickiness of swelled gel 

The stickiness (feeling of dryness) of the swelled gel 
whose absorbency had been calculated in (I) was 
determined by hand-touching. The feeling of dryness was 
evaluated using three categories: good, average, and poor. 



Good 

Average 

Poor 



Good 



swelled gel is very dry, 
providing feeling of dryness 
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Average : swelled gel is partially sticky 



Poor 



: swelled gel is sticky, 



and hand becomes slimy 



(8) Liquid permeability of swelled gel 

As illustrated in Figure 1, in a plate 1 having an 
inner diameter of 53 mm, 1.0 g of water-absorbing resin 
was placed and 10 ml of human urine was poured therein, 
thereby obtaining swelled gel 2. On the swelled gel 2, a 
paper towel 3 having a diameter of 53 mm was placed. 
Further, a test tube 4 made of acrylic resin, provided with 
a protruding cylinder, and having doughnut-shaped was 
placed at the center thereof, as illustrated in Figure 1. 
After this was left at a room temperature for one hour, 6 
ml of human urine was poured from the inlet opening 5.. 
The time taken for all of the human urine to be absorbed 
into the polymer was measured. The measured time is 
used as a parameter of the liquid permeability of the 
swelled gel. 
(Example 1) 

A monomer aqueous solution with the concentration 
of 37% and the neutralization ratio of 75% was produced 
using (i) 4380 g of 37% by weight aqueous solution 
containing 414 g of acrylic acid and sodium acrylic acid, 
(ii) 6.815 g (0.1 mol% with respect to monomer (A)) of 
trimethylolpropanetriacrylate, which functions as 
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cross-linking agent (B), (iii) 0.195 g (0.008 mol% with 
respect to monomer (A)) of sodium hypophosfite lhydrate, 
which functions as water-soluble chain transfer agent (C), 
and (iv) 670 g of ion-exchange water. Thereafter, nitrogen 
gas was blown to expel dissolved oxygen. 

In a reactor vessel having a lid and a twin-arm type 
kneader (content volume of 10 liters) made of 
stainless-steel and having a jacket and two sigma blades, 
a monomer (A) aqueous solution was supplied and 
nitrogen gas was blown to fill a reaction system with 
nitrogen. Thereafter, the two sigma blades were rotated, 
while hot water of 35°C was streamed in the jacket to heat, 
2.62 g of ammonium persulfate and 0.12 g of sodium 
hydrogen sulfite, both of which function as polymerization 
initiators, were added to start polymerization. At a peak of 
polymerization, hydrate gel polymer was fragmented to 
have a diameter of approximately 5 mm. Then, the stirring 
was continued, and 60 minutes after the beginning of the 
polymerization, the lid was moved to take out the gel. The 
fine particles of hydrate gel polymer that had been 
produced were (i) dispersed over a wire net having 50 
meshes and (ii) dried with hot air of 170°C for 50 minutes. 
Then, the dried hydrate gel polymer was pulverized with a 
hammer type pulverizer, and filtered by a wire metal 
having 20 meshes. As a result, water-absorbing resin (1) 
that had filtered through the wire net having 20 meshes 



Page 38 (Tokukaihei 3-1 79008) 

was produced. 

The properties of water-absorbing resin (1) were 
evaluated, and results of the evaluation are shown in 
Table 1. 
(Example 2) 

The same operations as in Example 1 were performed, 
except that 1.219 g (0.05 mol% with respect to monomer 
(A)) of water-soluble chain transfer agent (C) sodium 
hypophosfite Ihydrate was used. As a result, 
water-absorbing resin (2) was produced. 

The properties of water-absorbing resin (2) were 
evaluated, and results of the evaluation are shown in 
Table 1. 
(Example 3) 

The same operations as in Example 1 were performed, 
except that (i) 21.988 g (0.2 mol% with respect to 
monomer) of polyethyleneglycoldiacrylate (n=8) was used 
as cross-linking agent (B), and (ii) 2.44 g (0.1 mol% with 
respect to monomer (A)) of water-soluble chain transfer 
agent (C) sodium hypophosfite Ihydrate was used. As a 
result, water-absorbing resin (3) was produced. 

The properties of water-absorbing resin (3) were 
evaluated, and results of the evaluation are shown in 
Table 1. 
(Example 4) 

The same operations as in Example 1 were performed, 
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except that (i) 54.97 g (0.5 mol% with respect to monomer) 
of cross-linking agent (B) 

polyethyleneglycoldiacrylate(n=8) was used, and (ii) 9.76 g 
(0.4 mol% with respect to monomer (A)) of water-soluble 
chain transfer agent (C) sodium hypophosfite lhydrate was 
used. As a result, water-absorbing resin (4) was produced. 

The properties of water-absorbing resin (4) were 
evaluated, and results of the evaluation are shown in 
Table 1. 
(Example 5) 

The same operations as in Example 1 were performed, 
except that (i) 2.152 g of N,N'-methylenebisacrylamide 
(0.06 mol% with respect to monomer (A)) was used in 
place of cross-linking agent (B), and (ii) 3.45 g of 
thiomalic acid (0.1 mol% with respect to monomer) was 
used in place of water-soluble chain transfer agent (C). As 
a result, water-absorbing resin (5) was produced. 

The properties of water-absorbing resin (5) were 
evaluated, and results of the evaluation are shown in 
Table 1. 
(Example 6) 

The same operations as in Example 1 were performed, 
except that (i) the amount of ion-exchange water to be 
used was changed to 50 g, (ii) the monomer (A) aqueous 
solution with the concentration of 42% was used, (iii) 
17.07 g (0.1 mol% with respect to monomer (A)) of 
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polyethyleneglycoldiacrylate(n= 14) was used as 
cross-linking agent (B), and (iv) 0.69 g (0.02 mol% with 
respect to monomer (A)) of water-soluble chain transfer 
agent (C) thiomalic acid was used. As a result, 
water-absorbing resin (6) was produced. 

The properties of water-absorbing resin (6) were 
evaluated, and results of the evaluation are shown in 
Table 1. 
(Example 7) 

Forty grams of corn starch and 600 g of ion-exchange 
water were placed in a reactor vessel provided with a 
stir-stick, a nitrogen gas blow tube, and a thermometer, 
stirred for one hour at 55°C, and thereafter cooled down to 
30°C. To the starch aqueous solution, (i) 300 g of acrylic 
acid, (ii) 1.92 g (0.3 mol% with respect to monomer (A)) of 
N,N'-methylenebisacrylamide, which functions as 
cross-linking agent (B), (iii) 0.94 g (0.15 mol% with 
respect to monomer (A)) of thiomalic acid, which functions 
as water-soluble chain transfer agent (C), were solved. 

As a result, a monomer aqueous solution with the 
concentration of 33% and the neutralization ratio of 0% 
was produced. 

The monomer aqueous solution was adjusted to 35°C, 
and 0.20 g of sodium persulfate, which functions as the 
polymerization initiator/and 0.04 g of 1-ascorbic acid were 
added and then stirred for three hours to be polymerized. 
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To a hydrate gel polymer, 389 g of 30% by weight caustic 
soda aqueous solution was added so that the 
neutralization ratio is adjusted to 70%. Then, it was dried 
and pulverized in the same manner as in Example 1. As a 
result, water-absorbing resin (7) was produced. 

The properties of water-absorbing resin (7) were 
evaluated, and results of the evaluation are shown in 
Table 1. 
(Example 8) 

To 72 g of acrylic acid, 22.2 g of deionized water was 
added. A mixture produced thereby was used as a 
neutralizer, and (i) 49.5 g of potassium hydroxide with the 
purity of 85%, (ii) 0.1 g (0.065 mol% with respect to 
monomer (A)) of N,N'-methylenebisacrylamide, which 
functions as cross-linking agent (B), 0.225 g (0.15 mol% 
with respect to monomer (A)) of thiomalic acid, which 
functions as water-soluble chain transfer agent (C), were 
added sequentially. As a result, a monomer aqueous 
solution with the concentration of 70% and the 
neutralization ratio of 75% was produced. 

This monomer aqueous solution was kept at 70°C in 
a nitrogen air stream with a thickness of approximately 5 
mm. Then, 0.1 g of ammonium persulfate and 0.02 g of 
sodium hydrogen sulfite were added, and polymerization 
was performed. The polymerization started immediately. 
After 10 minutes had passed, a polymerized gel that was 
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almost dried was taken out, dried, and pulverized, in the 
same manner as in Example 1. As a result, 
water-absorbing resin (8) was produced. 

The properties of water-absorbing resin (8) were 
evaluated, and results of the evaluation are shown in 
Table 1. 
(Example 9) 

To 100 parts of water-absorbing resin (5) that had 
been produced in Example 1, 0.1 part of ethylene 
glycoldiglycidylether, five parts of water, and one part of 
isopropyl alcohol were added. Thereafter, a mixture 
produced thereby was treated, in a dryer, with heat at 
100°C for 30 minutes. As a result, water-absorbing resin 
(9) was produced. 

Water-absorbing resin (9) that had been produced in 
the manner described above was analyzed, and results of 
the analysis are shown in Table 1. 
(Example 10) 

To 100 parts of water-absorbing resin (2) that had 
been produced in Example 2, one part of glycerin, six 
parts of water, and one part of acetone were added. 
Thereafter, the mixture was (i) putted into a blender 
whose jacket had been heated to 230°C by a heating 
medium, (ii) mixed, and (ii) treated with heat. As a result, 
water-absorbing resin (10) was produced. 

Water-absorbing resin (10) that had been produced 
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in the manner described above was analyzed, and results 
of the analysis are shown in Table 1. 
(Example 1 1) 

To 100 parts of water-absorbing resin (3) that had 
been produced in Example 3, a solution composed of (i) 
0.1 parts of ethyleneglycidylether, 3 parts of water, and 6 
parts of methanol were added. A mixture produced thereby 
was treated, in a dryer, with heat at 130°C for one hour. 
As a result, water-absorbing resin (12) was produced. 

Water-absorbing resin (11) that had been produced 
in the manner described above was analyzed, and results 
of the analysis are shown in Table 1. 
(Example 12) 

To 100 parts of water-absorbing resin (4) that had 
been produced in Example 4, 10 parts of aqueous solution 
composed of (i) one part of aluminium sulfate, (ii) one part 
of glycerin, and (iii) 8 parts of water were added. A 
mixture produced thereby was treated with heat at 200°C 
for 30 minutes. As a result, water-absorbing resin (12) 
was produced. 

Water-absorbing resin (12) that had been produced 
in the manner described above was analyzed, and results 
of the analysis are shown in Table 1. 
(Comparative Example 1) 

The same operations as in Example 7 were performed, 
except that 0.273 g of cross-linking agent (B) (0.004 mol% 
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with respect to monomer (A)) was used. As a result, 
comparative water-absorbing resin (1) was produced. 

Comparative water-absorbing resin (1) that had been 
produced in the manner described above was analyzed, 
and results of the analysis are shown in Table 1. 
(Comparative Example 2) 

The same operations as in Example 7 were performed, 
except that water-soluble chain transfer agent (C) sodium 
hypophosfite 1 hydrate was not added. As a result, 
comparative water-absorbing resin (2) was produced. 

Comparative water-absorbing resin (2) that had been 
produced in the manner described above was analyzed, 
and results of the analysis are shown in Table 1. 
(Comparative Example 3) 

The same operations as in Example 1 were performed, 
except that (i) water-soluble chain transfer agent (C) 
sodium hypophosfite 1 hydrate was not added and (ii) 3.41 
g of cross-linking agent (B) (0.05 mol% with respect to 
monomer (A)) was used. As a result, comparative 
water-absorbing resin (3) was produced. 

Comparative water-absorbing resin (3) that had been 
produced in the manner described above was analyzed, 
and results of the analysis are shown in Table 1. 
(Comparative Example 4) 

The same operations as in Example 1 were performed, 
except that (i) water-soluble chain transfer agent (C) 



Page 45 (Tokukaihei 3-1 79008) 

sodium hypophosfite 1 hydrate was not added and (ii) 
cross-linking agent (B) was replaced by 17.73 g of 
NjN'-methylenebisacrylamide (0.5 mol% with respect to 
monomer (A)). As a result, comparative water-absorbing 
resin (4) was produced. 

Comparative water-absorbing resin (4) that had been 
produced in the manner described above was analyzed, 
and results of the analysis are shown in Table 1. 
(Comparative Example 5) 

The same operations as in Example 7 were performed, 
except that cross-linking agent (B) was not added. As a 
result, comparative water-absorbing resin (5) was 
produced. 

Comparative water-absorbing resin (5) that had been 
produced in the manner described above was analyzed, 
and results of the analysis are shown in Table 1. 
(Comparative Examples 6 to 8) 

The same operations as in Example 9 were performed 
using comparative water-absorbing resins (1) to (3) that 
had been produced in Comparative Examples 1 to 3, 
respectively. As a result, comparative water-absorbing 
resins (6) to (8) were produced. 

Comparative water-absorbing resins (6) to (8) that 
had been produced in the manner described above were 
analyzed, and results of the analysis are shown in Table 
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4. Brief description of drawings 

Figure 1 illustrates a test equipment for testing the 
liquid permeability of a swelled gel. 

1 plate 

2 swelled gel 

3 paper towel 

4 test vessel made of acrylic resin 

5 inlet opening 
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